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The 80% of the world's land and 90% of the world's
oceans are not covered by ground Internet

The 50% of the world's population has difficulty
accessing the Internet

Background(1) l e A S S

Disaster relief, emergency response, remote
sensing and other applications lead to an urgent
need for in—orbit satellite computing and in—-orbit
services

With the intensification of competition among
major powers, frequent disasters and exhaustion of
resources, It | S.nhecessary » to™. embark on
interstellar.voyages to expand-the 1iving space-of
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Background(2) l (D) rEHirs

m Satellite network has become a global hotspot such as Starlink,
OneWeb, China Satellite Network and so on.

m Satellite communication is
characterized by wide coverage, large
communication capacity, low
transmission delay, no geographical
influence and advantages in global

m Baemadionthsoadeasihng network and
extending from the space network, it
will elevate the human cyberspace to
a new dimension




Background(3)

Constellations Headquarters World Map




Background(4)

m Bridge the research gap

m Contribute to the universal connectivity
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Our Vision

platform for

m Satellites are becoming the next—generation

communication and computing
e After PCs, datacenters, smartphones, edges---
Investment on the ground is getting marginal return compared to

space
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Satellite-terrestrial.integrated network

Reduced Cost Dense Satellite Mesh



ourvison -

m SNI

C LAB: established in June 2020 at Shenzhen. Interested in

interstellar civilization, interstellar networks, satellite networks,
distributed Al computing, etc.

m Tiansuan constellation (X#E g &)
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integration service oAt Space computing, open
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https://www.youtube.com/watch?v=lAB72zwbCiE
https://www.youtube.com/watch?v=lAB72zwbCiE

Tiansuan (www.tiansuan.org.cn)

Our Goal: Building an open research platform facing human needs, based on

industry—university—-research and application
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Key tasks

6G core networks

Internet of data

Operating system

Device testing

Edge Computing

Service opening
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Tiansuan (1) .

% By
’ Satellite :.\S\\
% @ Computing
Satellite operating system
Security and reliability
Tiansuan constellation =) .
Catrertiai management Rezemrch Hardware testing

station

Shangguang Wang, Qing Li, Mengwei Xu, Xiao Ma, Ao Zhou, Qibo Sun, Tiansuan Constellation:
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Tiansuan (2)

Service Computing

SBA Orchestration

|

Control Plane

Cognitive Policy
service deployment
Data Plane
Transponder Interface

Slice

Control
element

Protocols

Satel | ite

Network
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terrestrial
network

Ground cloud & core
network
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Research

Institute Research demand

Operation
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General

bus i ness Hardware/device testing
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Tiansuan (4)

m Tiansuan Experiment Platform vO0. 1

m https://github. com/TiansuanConstel lation/TiansuanExper imentPlatform

@ Tiansuan OpenCode Platform X~ +

©) GitHub - TiansuanConstellatic X 4+
€« C A T&E

.y

< (& @& github.com/TiansuanConstellation/TiansuanExperimentPlatform

A
B xin ™ Gmail @ YouTube @ itE D gUTEE-wmimE.. O SER-EER.. @ RIbRRLsE. @ N

= README.md

Advantages

At present, Tiansuan Constellation has several satellites in orbit. We have established
cooperative relations with numerous universities including Tsinghua, Peking, Beihang
University and so on, and successfully carried many scientific research projects to the space.

We provide unified hardware equipment, common access methods and strong technical
support for the thoroughly customized in-orbit research and experimental needs.

Make Experiment Proposal

If you would like to conduct experiments, please visit Tiansuan Experiment Platform v0.1. We
welcome all the members to paticipate and push forward the research of in-orbit computing
together.

At the same time, Tiansuan Constellation also welcomes individuals, organizations and
insitutions dedicated to sateliite research to use our platform for in-orbit computing, research
and experiments. If you want to our platform, you can rigister an account and submit the
project. If so, you need to follow the User Agreement of Tiansuan Experiment Platform.

Copyright

| tiansuan.org.cn/login

12



Current work:Launch two satellites

2021.12. 7

Tianciiani

€5 SAVTIRS

5G Core Network with 5G gNB
software

Cognitive Service
Architecture for 6G Core
Network

Cloud—native Satellite

Quic Protocol

Network measurement

2022.02, 27
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Case Study: Satellite 5G Core Network

5G Core Capabilities

. MOt i vat i ons Extended Functions 7

Network Slicing Policy Control Network Exposure

O It supports LEQ Satel lites as Base Stations and

can integrate with future access networks which ) e layen

Access Control and
Mobility Management

are made up of large—scale LEO satellite

constel lations

Virtualization
O It has Potential Performance Gain, and will Commucation || Computing Storage

'k [:E g | } Virtualization Layer

reduce the control plane signaling interaction

delay and speed up the user access procedures.

Communication } Hardware Layer

O It benefits Onboard Services, mobile users e

can access the satellite services more
14
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Case Study: Satellite 5G Core Network l

m Architecture
O It enables Cloud—Native Networks in Space, and build network functions
| ike web apps

O It complements Terrestrial 5G Networks, and units the Space—Ground
network from a Mobile Network perspective

--4 Description] initial local configuration]

version:
amfconfig Info: Version[ ]

Resolved address '127.0.0.1' to 127.0.0.1
Listen on 127.0.0.1:38412

version:
smfconfig Info: Version[ ]
Description[ initial local configuration] |

Server started
Listen on 127.0.0.1:8805
Send PFCP Association Request to

[PFCP] Handle PFCP association setup request

[PFCP] Association Setup Response

In HandlePfcpAssociationSetupResponse
(127.0.0.8)[internet] setup association

Remove Request Transaction [1]

A

TY20 LEO Satellite

Satellite-terrestrial Link \\\ Uplink & Downlink Signaling Interactions

——————————————————————————————————————

—— | 5G CoreNetwork E E i
Ground Station ! / D i Local Edge Network

L (fAW\m

s, Fixed-access Equipment SG Base Station G User Terminals /

Terrestrial 5G Private Network

HEAY
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Case Stu dy:SateIIite 5G Core Network

‘The world’s first in-s tellute 5G COre

system deplByment.in China

:' ;ékmmmn|cat4ons https*?/arX|v org/abs/2210 05405,# o =

Ruolin Xing, Xiao Ma, Ao Zhou, Schahram Dustdar, Shangguang Wang, From Earth _ |...w
to Space: A First Deployment of 5G Core Network on Satellite, China 7v253'

il
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Case Study Cloud-native satellite

#% Huawei Cloud gets world's fire X > - o x
< (& @& forum.huawei.com/enterprise/en/huawei-cloud-gets-world-s-first-cloud-native-satellite-with-sky-comp... B 12 % O & 0O e :
xin M Gmail @B YouTube @ #E B HPTHE-WwBHE... @ sTEBE-dtmmps.. @ FImiHRlsE. @ AGEIFR%x O ExRzaxEs. »

Huawei Enterprise Support Community v

g'é HUAWEI Community Forums Groups Blog & Collections Rewards FAQ Top Members Subscribe
@ Community > Forums > Cloud & Big Data > Huawei Cloud gets world'...

Huawei Cloud gets world’s first cloud native satellite with sky computing
constellation in space

Created: Jan 3, 2022 20:18:16 Latest reply: Feb 10, 2022 19:57:16 < 959 (O 15 3 8 {3 0 ¥&¥ O

BAZ &
14
B o
Hi Everyone. 343 3.0K
Greetings! » Happy New Year
Follow Ch
World's first cloud-native satellite, equipped with the Sky Computing Constellation computing platform,
successfully arrived and is working stably in orbit on December 10, according to Chinese media. et
Recommended

https://forum.huawei.com/enterprise/en/profile/2837985?type=posts >

Huo@=eDoooe e e

(A SIFE LTI

%
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Case StUdy DOI satellite node
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2021.12. 7 Gushenxing1 Rocket Marking

"attributes":{
“name”: "2wd89a41wd.jpg",

“from”: “satellite",
"etadata “desc”: "photos by xiaomi",

- "date":”20220301"
...... i 1 }
"elements":[{
"attributes":{
“size”:”17.6MB",
Ent ty ) format”: “jpeg
"data":{} I B

Wi ] =—]=—" 7! : 1 ;32.
- Data of Internet satellite node : ;E
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I_ @ _ Ill_é;:;i;l_a“‘i :" Remote sensi‘ng e
i GM ! Object detection :J State data&

=P Data stream
= ==p Control stream

() ni & A

Accuracy rate Recall rate
99.13% 99.07%

Object detection
(small model)

______________

State data &
Application data

The benefits

Satellite
* Improve the accuracy of arca statistics}

ground
signal
station

* Reduce satellite energy consumption\

(bi g model ) Application data

* Slow down the satellite-earth trafﬁc\

* Reduce transmission costs \

The cooperative Al inference between satellite and ground station is realized. In remote sensing scenarios,
the identification accuracy of ground targets in orbit is improved by more than 50% through in-orbit cloud
detection. ,

Through in-orbit calculation, the.amount of data returned by the satellite is reduced by 90%

%
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Case Study Satellite-ground computing

Huawei showed the work on the KubeCon and CloudNativeCon

Europe 2022

Cloud Native + Al For Space

Sember | Oviadl Snde ! Men ety Ogueny SperTen Cplak e Cwwwios baw L) Procrmee . Woﬂ(mg Wlth BUPT. PKU‘
! LT SIS AR N BiADp - Tys | SN0 -ANRB | %O | (TUSR CMCC on the Thnsuan
R T ommmom e e e e o Constellation with Tiansuan-
- T ] B F Y e 1 launched in Sep 2021;
[ 5 - A-uc S LG G > T | A [0 | s 2
. Sy | AW00 | Lt kitea [T MWhe W oA Shipped with
. and MindSpore to
Satellite address the challeneges of :
> Satellite SoC
[N -0 < On-orbit computation
~':§é) to minimize orbit-earth
Status dats & EdgeCoen communication for
application data better life span
. Sedna KubeEdge
(T wage || wmage | 1 < Edge-cloud real time
\ H oS3 T MindSpore ! inference and
g N e ewah laamae : Incremental deep
learning for SAR type
Ground station , task
| Py~ e @ xuEm
) m’ Incremental rage j TIANSUAN
| B ey —‘:u
- mtp// www.tiansuan.org.on/
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Chal lenges:
& Space—time regional restricted connectivity
& Multi—-dimensional complexity of resources

Global Service Plane

Service Register ||Service Discovery

1
1
Service Selection |}
1
1
1
1

. o Service Service . . Service
¢ Diversified user needs Recommendation || Composition _ | [Sevice Menitoring Xemp{SESEiins
1
1
. Polic: Global Mobili !
Satellite Network M y " B entty DTN Management C
E— e —
LEO Satelhte & Aerial Network Terrestn'al Network
e - & i T layer Al e layer :
P » 1 1
& i Computing- Service ! E Computing- Service .
' | aware Routing Orchestration | | 1| aware Routing Orchestration | !
Aerial Network I i [} i
I Service Computing | | |! Service Computing i
! | _Deployment Offloading I | |__Deployment Offloading i
U 1 1 1
| Task Resource i i Task Resource E
i 5 - 5 I " - N
Dispatchin Schedulin; Dispatchin; Schedulin
Ground g “) e Terrestrial Network i E £ = i E 1t £ B i
Station &~ _ l‘@ N . || High Mobility Service it |1| User Mobility Service !
~~ae Base Station i . 1 i !
/‘:@\ 1 ,@‘\.\ ) | | Management Coordinator | ! v Management Coordinator i
= N i ) L & !
&) - L ALY . r
e N = |
/J 3 @ = !
1
Ay Edge Server = @ ! omputatwn Storage Network
» Sulsiry =g 1 R Resource Resource
| B
----- Intra-satellite communication; ----- Intra-aerial communication; ----- Intra-terrestrial communication; :
1
1

""" Inter-network communication; ‘— — LEO Satellite orbit ; ? & g@-: IoT devices

Yan Guo, Shangguang Wang, Chal Ienges and - Opportunltles in-Space Service Computlng, In P'rgc SCE 2021
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6G exploration (2023 -)

6G space edge core network

Service continuity guarantee

Space-air-ground deterministic latency guarantee
Space-air-ground service offloading and coordination

Security and reliability

— - — Satellite—~Ground Links

eral N il
Aerial-Ocean Links
Ocean-Ground Links

Satellite-Ocean Links | ¢
= = = Marine Radio Link

The first paper about 6G core networks:

Network,

[EEE T1I,

2021

¥

Li,

J. Huang, .T. Sun, S. Wang, Cognitive Service Architecture for 6G Core

2



Satellite-distributed Al (2022 -)

e Space-ground coordinated prediction

* Cross-satellite federated learning for
data privacy

* Hardware acceleration for
resource-efficient ML

Satellite Operating System (2023 -)

* Better performance and security e
* Dual-kernel (RTOS + Linux)
* Rust-based

2D/3D Graphic User Iterfice 27 ™1




Research plan I

In-space Computing Server (2022 -)

e A satellite-borne server design with massive ARM SoCs
* High computing density, high reliability, and high
energy efficiency

AOCS Communication Thermal Power

Subsystem Subsystem Subsystem
‘ Sensors N n "

v 1 ] ] i

Applications (remote sensing, Al, offloading, etc)
Middleware (DB, network, ML libs, etc)
Dual-kernel OS (real-time + general-purpose)

iF AiirTrne ik él—:é 2 Rt
i i\'ll'éssive,' ‘I'ow—'powe'r', 'COTS SoCs

24



Research plan

SoC-Cluster

: [Baseboard\ [ =] |_sPF+ Port | [ spF+ Port | [ GEPort |

| Management Ethernet Switch Board
Controller rYy 7y

| (BMC) Network &

: Ne > l Power supply

etwor

| Interface E’ § [‘; ] SoC1 \I

| Power <_°3 'g .:E /

: Manager E =) " g

| Board/SoC ol ... & %

|| - anager 812l ¢

|\ Thermal < <——| SoC 5
Mana

=) &= \__PcB1 7

/

e e ki e s sk e e s e S s i i i e ' s~ e
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Open Platform (2022 -)

* A public, web-based, unified platform that provides
services to third-party researchers and practitioners

» =Satellites + ground stations + super-computing data
centers

%

% % L~ Existing partners:
seellte $?% * University of Milan, Italy
E * Vienna University of
Technology, Austria
* Peking University, China
* Chinese Academy of
TareTogon Sciences, China

Commercial Research °
institute institute Etc D

The blueprint paper about Tiansuan Constellation: S. Wang, Q. Li, M. Xu, X. Ma, A. Zhou, Q. Sun, Tiansuan Constellation:
An Open Research Platform, TEEE EDGE, 2022




International cooperation

Satellite topologies and 5G — ongoing projects esa

AEm &, B W

Direct access to the satellite terminal/UE
L) L]
-

~, NI

Satellite Backhaul between gNB and UE
-
-
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International cooperation

http://ieee—satel |l ite. org/

Satellite - 2022 IEEE INTERNATIONAL CONFERENCE ~ -~ Codlng race on the satellite

ON _SATELLITE COMPUTING

_Hitp:llwww.leee-satellite.org
~—== OCT 25-27 SHENZHEN, CHINA
HYBRID CONFERENCE

B - o =

REO IO 7 TR RE AW AEEH 2R FEERR ARve =N

RE: ¥150,000

R KMEET DR, AMENRN 0 0
AR HEAN

YHRALERE - KBLAE wie
CALL FOR PAPERS SHBEH]

Conference Organizers

IEEE Satellite 2022 will be held as a hybrid event. Authors may present
their papers in person in Shenzhen or virtually. The conference is solely
sponsored by the IEEE Computer Society under the auspice of the IEEE
Technical Committee on Cloud Computing (TCCLD). IEEE Satellite aims
to become a prime international forum for both researchers and industry
practitioners to exchange the fundamental advances in the state of the

General Chairs
Shangguang Wang
Beijing University of Posts
and Telecommunications
Abbas Jamalipour

WRRLEIN): 2022/07/30

art and practice of Satellite computing in the field of Computer Science University of Sydney ™ mEANE
and Electronic Engineering. TPC Chairs
Xiao Ma
Authors are invited to submit the original papers via the EasyChair system: Beijing University of Posts B WG “
https://easychair.org/my/conference?conf=satellite2022. All submitted and Telecommunications ant
manuscripts will be peer-reviewed by at least three reviewers. |IEEE Wei Li ) C-AHRRMTRR Sk
Satellite will incorporate a double-blind review process. All papers must State Radio Spectrum
not include authors' names, or any other contents revealing authors' Management Center ﬁk ﬁ&g*ﬁ » -
information. Important Dates & B
Full Paper Submission i 4 ”
Accepted papers will appear in the conference proceedings published by June 1; 2022 Spark Infinity %M :| ’
the IEEE Computer Society Press. All accepted papers are of o (37} L 4 e
deploy the studies on Tiansuan Constellation with no charge (if the August 15, 2022 D
authors are interested). Final Paper Submission
August 31, 2022
Topics of Interest [ABYR)
Satellite computing architecture/platform, Satellite network, Satellite
communication, Cloud-native satellite, Satellite operation system, RIS E A AN DPRAGHANSFRON, WO AFLE ERT DRI, AR

Ground station system, Remote sensing, Earth observation, Solar energy,
Satellite computing for smart city, Satellite computing for disaster rescue,

=

REDRITRTE" BRI THEE IEREET, XN "RSEY |

Satellite and space system, Space surveillance and tracking, TIANSUAN WG . - - S, e e
Autonomous systems and robotics for space, Space environment and A EERE AT REFDIER ek, AIFTRIOGS, oL, MEFREITHEMLIHE, FYRmnwFt
protection, Vehicular network and system, Unmanned aerial vehicle .
system, 5/6G network and system, Edge network and system, Satellite ENRERCNIZREPRIBRALR, Bl RREFORS TSR, £5EN. HRER. MHwe.
security and privacy, Al for Satellite integrated system , Laser SpACETY

communication.

Detailed Information will be posted on the website:

http://www.ieee- ite.org

[B8HR]

ARNAREFARDIEN, BUmRIA, 245,
EABPRRAEWIALE,

[BF2i5teR)
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m Launch Tisansun3 (BB5FM=) , 2022. 11.6
m Launch BUPT1 (AtEf—S), 2022.12.10
m Launch other 2 satellite, about 2023.2

A web-based, easy-to-use platform that
allows any registered users to submit
their code directly to real satellites!




Conclusion I

m Introduce an open research platform, Tiansuan

constel lation

m Present the goal and key design and state how
various institutes can benefit

m Discuss many potential research topics

m Give several case studies
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Thanks & Questions!

Shangguang Wang
http://www. tiansuan. org. cn/



